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OPTICAL DEVICE HAVING LIGHT SENSOR 
EMPLOYING HORIZONTAL ELECTRICAL 

FIELD 

RELATED APPLICATIONS 

This application is related to US. patent application Ser. 
No. 12/380,016, ?led on Feb. 19, 2009, entitled “Optical 
Device Having Light Sensor Employing Horizontal Electri 
cal Field, and incorporated herein in its entirety. 

FIELD 

The present invention relates to optical devices and more 
particularly to devices having a light sensor. 

BACKGROUND 

The use of optical and/ or optoelectronic devices is increas 
ing in communications applications. These devices can 
include light sensors that receive light signals from a 
waveguide. These light sensors often employ a light-absorb 
ing material that absorbs the received light signals. During 
operation of the light sensor, an electrical ?eld is applied 
across the light-ab sorbing material. When the light-absorbing 
material absorbs a light signal, an electrical current ?ows 
through the light-absorbing material. As a result, the level of 
electrical current through the light-absorbing material indi 
cates the intensity of light signals being received by the light 
absorbing material. 

The waveguides on optical and/or optoelectronic devices 
are often made of silicon. Because silicon does not absorb the 
light signals having the wavelengths that are used in commu 
nications applications, silicon is often not effective for use as 
the light-absorbing medium in the light sensors for commu 
nications application. In contrast, germanium is a material 
that can absorb these light signals and is accordingly often 
used as the light-absorbing medium in the light sensors for 
communications application. 

These light sensors have been able to achieve adequate 
speeds when the waveguides have a cross-section with sub 
micron dimensions. However, these light sensors are associ 
ated with undesirably high optical loss when used with 
waveguides having these dimensions. Further, the 
waveguides used in many communications applications 
employ larger waveguides. When these light sensors are used 
with larger waveguides, they generally lose speed and 
become associated with undesirable levels of dark current. 

For the above reasons, there is a need for light sensors that 
are suitable for use with larger waveguides. 

SUMMARY 

An optical device includes a waveguide on a base. The 
device also includes a light sensor on the base. The light 
sensor includes a light-absorbing medium con?gured to 
receive a light signal from the waveguide. The light sensor 
also includes ?eld sources for generating an electrical ?eld in 
the light-absorbing medium. The ?eld sources are con?gured 
so the electrical ?eld is substantially parallel to the base. 
One embodiment of the device includes an optical 

waveguide on a base. The waveguide is con?gured to guide a 
light signal through a light-transmitting medium. A light sen 
sor is also positioned on the base. The light sensor including 
a ridge extending from slab regions. The slab regions are 
positioned on opposing sides of the ridge. A light-absorbing 
medium is positioned to receive at least a portion of the light 
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2 
signal from the light-transmitting medium included in the 
waveguide. The light-absorbing medium is included in the 
ridge and also in the slab regions. The light-absorbing 
medium includes doped regions positioned such that an appli 
cation of a reverse bias across the doped regions forms an 
electrical ?eld in the light-absorbing medium included in the 
ridge. 

In another embodiment of the optical device, the 
waveguide is con?gured to guide a light signal through a 
light-transmitting medium. Additionally, the light-absorbing 
medium has lateral sides that are each positioned between a 
top side and a bottom side with the bottom side being between 
the base and the top side. The light-absorbing medium is 
con?gured to receive at least a portion of the light signal from 
the light-transmitting medium in the waveguide. The light 
transmitting medium and the light-absorbing medium are 
different materials. The light sensor also includes ?eld 
sources con?gured to serve as sources of an electrical ?eld in 
the light-absorbing medium. The ?eld sources each contact 
one of the lateral sides and the lateral sides that are contacted 
by the ?eld sources are on opposing sides of the light-absorb 
ing medium. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1A through FIG. 1D illustrate an optical device hav 
ing a light sensor con?gured to receive light signals from a 
waveguide. The light sensor includes ?eld sources that are 
con?gured to generate a substantially horizontal electrical 
?eld in a light-absorbing medium. The device illustrated in 
FIG. 1A through FIG. 1D employs doped regions of the 
light-absorbing medium as the ?eld sources. FIG. 1A is a 
perspective view of the device. 

FIG. 1B is a cross-section ofthe device shown in FIG. 1A 
taken along the line labeled B. 

FIG. 1C is a cross-section ofthe device shown in FIG. 1A 
taken along the line labeled C. 

FIG. 1D is a cross-section of the optical device shown in 
FIG. 1C taken along the line labeled C and extending parallel 
to the longitudinal axis of the waveguide. 

FIG. 2A is a cross-section of a light sensor that employs 
electrical conductors as ?eld sources. 

FIG. 2B is a cross-section of a light sensor that employs 
electrical conductors as ?eld sources. The electrical conduc 
tors are elevated above the height of the electrical conductors 
shown in FIG. 2A. 

FIG. 2C is a cross-section of a light sensor having a light 
absorbing medium positioned such that the doped regions are 
located only in the light-absorbing medium but excluded 
from the light-transmitting medium. 

FIG. 3 is a topview of an optical device where the 
waveguide includes a horizontal taper. 

FIG. 4A through FIG. 12C illustrate a method of generat 
ing an optical device constructed according to FIG. 1A 
through FIG. 1C. 

FIG. 13A through FIG. 16B illustrate a method of gener 
ating an optical device constructed according to FIG. 2B. 

FIG. 17A through FIG. 22C illustrate a method of gener 
ating an optical device constructed according to FIG. 2C. 

DESCRIPTION 

The optical device includes a light-transmitting medium on 
a base. The device also includes a waveguide con?gured to 
guide a light signal through the light-transmitting medium. 
The optical device also includes a light sensor con?gured to 
receive the light signal from the waveguide. The light sensor 
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includes a light-absorbing medium positioned such that a 
seed portion of the light-transmitting medium is between the 
light-absorbing medium and the base. The light-absorbing 
medium can be grown on the seed portion of the light-trans 
mitting medium. 

The light sensor includes ?eld sources in contact with the 
light-absorbing medium. During operation of the light sensor, 
a reverse bias can be applied to the ?eld sources to form an 
electrical ?eld in the light-absorbing medium. The ?eld 
sources are arranged such that the resulting electrical ?eld is 
substantially parallel to the base or is substantially horizontal. 
For instance, the ?eld sources can be positioned on the lateral 
sides of the light-absorbing medium. Since the electrical ?eld 
can be substantially parallel to the base, the electrical ?eld is 
also substantially parallel to an interface between the seed 
portion of the light-transmitting medium and the light-ab 
sorbing medium. The interaction between the electrical ?eld 
and this interface is a source of dark current in the light sensor. 
As a result, forming the electrical ?eld parallel to this inter 
face reduces dark current in the light sensor. 

In one embodiment of the light sensor, the light sensor 
includes a ridge extending from slab regions positioned on 
opposing sides of the ridge. The light-absorbing medium is 
included in both the ridge and also in the slab regions. The 
light-absorbing medium can include doped regions that are 
each positioned in both the ridge and one of the slab regions. 
This arrangement may have a simpli?ed fabrication process 
relative to other light sensors because the doped regions can 
be formed in only the light-absorbing medium and accord 
ingly need not be formed in multiple materials. Different 
conditions may be required to form doped regions in the 
different materials. As a result, the ability to form the doped 
regions in a single material can simplify the fabrication pro 
cess. 

Additionally, the width of the waveguide can be tapered 
before the light signal enters the light-absorbing medium. As 
a result, the light-absorbing medium can have a width that is 
smaller than the width of the waveguide. The reduced width 
increases the speed of the light sensor. Accordingly, even 
when used with waveguide sizes that are common in commu 
nications applications, the light sensor can have desirable 
levels of speed and dark current while also having the reduced 
optical loss associated with light sensors built on larger 
waveguides. 

FIG. 1A through FIG. 1D illustrate an optical device hav 
ing a light sensor con?gured to receive light signals from a 
waveguide. FIG. 1A is a perspective view of the device. FIG. 
1B is a cross-section of the light sensor. For instance, FIG. 1B 
is a cross-section of the device shown in FIG. 1A taken along 
the line labeled B. FIG. 1C is a cross-section of the 
waveguide. For instance, FIG. 1C is a cross-section of the 
device shown in FIG. 1A taken along the line labeled C. FIG. 
1D is a cross-section of the optical device shown in FIG. 1C 
taken along the line labeled C and extending parallel to the 
longitudinal axis of the waveguide. 

The device is within the class of optical devices known as 
planar optical devices. These devices typically include one or 
more waveguides immobilized relative to a substrate or a 
base. The direction of propagation of light signals along the 
waveguides is generally parallel to a plane of the device. 
Examples of the plane of the device include the top side of the 
base, the bottom side of the base, the top side of the substrate, 
and/ or the bottom side of the substrate. 

The illustrated device includes lateral sides 10 (or edges) 
extending from a top side 12 to a bottom side 14. The propa 
gation direction of light signals along the length of the 
waveguides on a planar optical device generally extends 
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4 
through the lateral sides 10 of the device. The top side 12 and 
the bottom side 14 of the device are non-lateral sides. 
The device includes one or more waveguides 16 that carry 

light signals to and/or from optical components 17. Examples 
of optical components 17 that can be included on the device 
include, but are not limited to, one or more components 
selected from a group consisting of facets through which light 
signals can enter and/or exit a waveguide, entry/exit ports 
through which light signals can enter and/ or exit a waveguide 
from above or below the device, multiplexers for combining 
multiple light signals onto a single waveguide, demultiplex 
ers for separating multiple light signals such that different 
light signals are received on different waveguides, optical 
couplers, optical switches, lasers that act a source of a light 
signal, ampli?ers for amplifying the intensity of a light signal, 
attenuators for attenuating the intensity of a light signal, 
modulators for modulating a signal onto a light signal, light 
sensors that convert an light signal to an electrical signal, and 
vias that provide an optical pathway for a light signal travel 
ing through the device from the bottom side 14 of the device 
to the top side 12 of the device. Additionally, the device can 
optionally, include electrical components. For instance, the 
device can include electrical connections for applying a 
potential or current to a waveguide and/or for controlling 
other components on the optical device. 
The waveguide 16 is de?ned in a light-transmitting 

medium 18 positioned on a base 20. For instance, the 
waveguide 16 is partially de?ned by a ridge 22 extending 
upward from a slab region of the light-transmitting medium. 
In some instances, the top of the slab region is de?ned by the 
bottom of trenches 24 extending partially into the light-trans 
mitting medium 18 or through the light-transmitting medium 
18. Suitable light-transmitting media include, but are not 
limited to, silicon, polymers, silica, SiN, GaAs, InP and 
LiNbO3. One or more cladding layers are optionally posi 
tioned on the light-transmitting medium. The one or more 
cladding layers can serve as a cladding for the waveguide 16 
and/or for the device. When the light-transmitting medium 18 
is silicon, suitable cladding layers include, but are not limited 
to, silicon, polymers, silica, SiN, GaAs, InP and LiNbO3. 
The portion of the base 20 adjacent to the light-transmitting 

medium 18 is con?gured to re?ect light signals from the 
waveguide 16 back into the waveguide 16 in order to con 
strain light signals in the waveguide 16. For instance, the 
portion of the base 20 adjacent to the light-transmitting 
medium 18 can be an optical insulator 27 with a lower index 
of refraction than the light-transmitting medium 18. The drop 
in the index of refraction can cause re?ection of a light signal 
from the light-transmitting medium 18 back into the light 
transmitting medium 18. The base 20 can include the optical 
insulator 27 positioned on a substrate 28. As will become 
evident below, the substrate 28 can be con?gured to transmit 
light signals. For instance, the substrate 28 can be constructed 
of a light-transmitting medium 18 that is different from the 
light-transmitting medium 18 or the same as the light-trans 
mitting medium 18. In one example, the device is constructed 
on a silicon-on-insulator wafer. A silicon-on-insulator wafer 
includes a silicon layer that serves as the light-transmitting 
medium 18. The silicon-on-insulator wafer also includes a 
layer of silica positioned on a silicon substrate. The layer of 
silica can serving as the optical insulator 27 and the silicon 
substrate can serve as the substrate 28. 
The optical device also includes a light sensor 29 con?g 

ured to receive a light signal guided by the one or more 
waveguides 16. The light sensor 29 is con?gured to convert 
the light signal to an electrical signal. Accordingly, the light 
signal can be employed to detect receipt of light signals. For 
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instance, the light sensor 29 can be employed to measure the 
intensity of a light signal and/or power of a light signal. 
Although FIG. 1A illustrates a waveguide 16 carrying the 
light signal between the one or more components and the light 
sensor 29, the device can be constructed such that the 
waveguide 16 carries the light signal directly from an optical 
?ber to the light sensor 29. 
A suitable light sensor 29 includes a light-absorbing 

medium 32 that absorbs light signals. The light-absorbing 
medium 32 is positioned to receive at least a portion of a light 
signal traveling along the waveguide 16. As is evident from 
FIG. 1A, there is an interface between a facet of the light 
absorbing medium 32 and a facet of the light-transmitting 
medium 18. The interface can have an angle that is non 
perpendicular relative to the direction of propagation of light 
signals through the waveguide 16 at the interface. In some 
instances, the interface is substantially perpendicular relative 
to the base 20 while being non-perpendicular relative to the 
direction of propagation. The non-perpendicularity of the 
interface reduces the effects of back re?ection. Suitable 
angles for the interface relative to the direction of propagation 
include but are not limited to, angles between 80° and 89°, 
and angles between 80° and 85°. 

The light-absorbing medium 32 of the light sensor 29 is 
positioned on a seed portion 34 of the light-transmitting 
medium 18. The seed portion 34 of the light-transmitting 
medium 18 is positioned on the base 20. In particular, the seed 
portion 34 of the light-transmitting medium 18 contacts the 
insulator 27. The seed portion 34 of the light-transmitting 
medium 18 can be continuous with the light-transmitting 
medium 18 included in the waveguide 16 or spaced apart from 
the waveguide 16. When the light signal enters the light 
sensor, a portion of the light signal can enter the seed portion 
34 of the light-transmitting medium 18 and another portion of 
the light signal enters the light-absorbing medium 32. 
Accordingly, the light-absorbing medium 32 can receive only 
a portion of the light signal. In some instances, the light sensor 
can be con?gured such that the light-absorbing material 
receives the entire light signal. 

During the fabrication of the device, the seed portion 34 of 
the light-transmitting medium 18 can be used to grow the 
light-absorbing medium 32. For instance, when the light 
transmitting medium 18 is silicon and the light-absorbing 
medium 32 is germanium, the germanium can be grown on 
the silicon. As a result, the use of the light-transmitting 
medium 18 in both the waveguides 16 and as a seed layer for 
growth of the light-absorbing medium 32 can simplify the 
process for fabricating the device. 

During operation of the light sensor 29, a reverse bias 
electrical ?eld is applied across the light-absorbing medium 
32. When the light-absorbing medium 32 absorbs a light 
signal, an electrical current ?ows through the light-absorbing 
medium 32. As a result, the level of electrical current through 
the light-absorbing medium 32 indicates receipt of a light 
signal. Additionally, the magnitude of the current can indicate 
the power and/or intensity of the light signal. Different light 
absorbing medium 32 can absorb different wavelengths and 
are accordingly suitable for use in a sensor 29 depending on 
the function of the sensor 29. A light-absorbing medium 32 
that is suitable for detection of light signals used in commu 
nications applications includes, but are not limited to, germa 
nium, silicon germanium, silicon germanium quantum well, 
GaAs, and InP. Germanium is suitable for detection of light 
signals having wavelengths in a range of 1300 nmto 1600 nm. 
The light sensor can be con?gured to apply an electric ?eld 

to the light-absorbing medium 32 that is substantially parallel 
to the base 20. For instance, the light-absorbing medium 32 
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6 
can include lateral sides 35 that connect a bottom side 36 and 
a top side 37. The bottom side is located between the top side 
and the base 20. In some instances, the lateral sides are sub 
stantially perpendicular relative to the base 20. 
The lateral sides of the light-absorbing medium 32 can 

include doped regions 40. As is evident from FIG. 1B, each of 
the doped regions 40 can extend up to the top side of the 
light-absorbing medium 32. Each of the doped regions 40 can 
be an N-type doped regions or a P-type doped region. For 
instance, each of the N-type doped regions can include an 
N-type dopant and each of the P-type doped regions can 
include a P-type dopant. In some instances, the light-absorb 
ing medium 32 includes a doped region 40 that is an N-type 
doped region and a doped region 40 that is a P-type doped 
region. The separation between the doped regions 40 in the 
light-absorbing medium 32 results in the formation of PIN 
(p-type region-insulator-n-type region) junction in the light 
sensor 29. 

In the light-absorbing medium 32, suitable dopants for 
N-type regions include, but are not limited to, phosphorus 
and/or arsenic. Suitable dopants for P-type regions include, 
but are not limited to, boron. The doped regions 40 are doped 
so as to be electrically conducting. A suitable concentration 
for the P-type dopant in a P-type doped region includes, but is 
not limited to, concentrations greater than l><1015 cm_3, 
l><10l7 cm_3, or l><1019 cm_3, and/or less than l><10l7 cm_3, 
l><1019 cm‘3 , or l><1021 cm‘3 . A suitable concentration for the 
N-type dopant in an N-type doped region includes, but is not 
limited to, concentrations greater than l><1015 cm_3, l><10l7 
cm_3, or l><1019 cm_3, and/or less than l><10l7 cm_3, l><1019 
cm'3, or l><1021 cm'3. 
The light-transmitting medium 18 also includes doped 

regions 42. Each doped region 42 in the light-transmitting 
medium 18 contacts one of the doped regions 40 in the light 
absorbing medium 32. A doped region 42 in the light-trans 
mitting medium 18 and the contacted doped region 40 are the 
same type of doped region. For instance, when a doped region 
40 in the light-absorbing medium 32 is a P-type region, that 
doped region 40 contacts a P-type doped region in the light 
transmitting medium 18.As a result, in some instances, one of 
the doped regions 42 in the light-transmitting medium 18 is a 
P-type doped region and one of the doped regions 42 in the 
light-transmitting medium 18 is an N-type doped region. 

In the light-transmitting medium 18, suitable dopants for 
N-type regions include, but are not limited to, phosphorus 
and/or arsenic. Suitable dopants for P-type regions include, 
but are not limited to, boron. The doped regions 42 are doped 
so as to be electrically conducting. A suitable concentration 
for the P-type dopant in a P-type doped region includes, but is 
not limited to, concentrations greater than l><1015 cm“3 , 
l><10l7 cm_3, or l><1019 cm_3, and/or less than l><10l7 cm_3, 
l><1019 cm“3 , or l><1021 cm“3 . A suitable concentration for the 
N-type dopant in an N-type doped region includes, but is not 
limited to, concentrations greater than l><1015 cm“3 , l><10l7 
cm_3, or l><1019 cm_3, and/or less than l><10l7 cm_3, l><1019 
cm_3, or l><1021 cm_3. 

Each doped region 42 in the light-transmitting medium 18 
is in contact with an electrical conductor 44 such as a metal. 
Accordingly, the each of the doped regions 42 in the light 
transmitting medium 18 provides electrical communication 
between an electrical conductor 44 and one of the doped 
regions 40 in the light-absorbing medium 32. As a result, 
electrical energy can be applied to the electrical conductors 
44 in order to apply the electric ?eld to the light-absorbing 
medium 32. As is evident from the arrows labeled E in FIG. 
1B, the doped regions 40 in the light-absorbing medium 32 
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serve as the ?eld sources for the electrical ?eld. As a result, the 
resulting electrical ?eld is substantially parallel to the base 
20. 

Rather than using doped regions 40 in the light-absorbing 
medium 32 as the ?eld sources, electrical conductors 44 such 
as metal can be used as the ?eld sources. For instance, FIG. 
2A is a cross-section of a light sensor that employs electrical 
conductors 44 as ?eld sources. The electrical conductors 44 
extend from the base 20 to the top side of the light-absorbing 
medium 32. For instance, FIG. 2A illustrates the electrical 
conductors 44 extending from the insulator 27 to the top side 
of the light-absorbing medium 32. The seed portion 34 of the 
light-transmitting medium 18 is between the base 20 and the 
light-absorbing medium 32. 
As is evident from FIG. 2A, the electrical conductors 44 

can contact the base 20. However, the electrical conductors 44 
can be spaced apart from the base 20 as illustrated in FIG. 2B. 
In FIG. 2B, a spacer layer 46 is formed on top of the light 
transmitting medium 18 and against the lateral sides of the 
light-absorbing medium 32. The electrical conductors 44 
extend from the top of the spacer layer 46 to the top side of the 
light-absorbing medium 32. As a result, the spacer layer 46 
elevates the bottom of the electrical conductors 44 relative to 
the base 20. The electrical conductors 44 are also elevated 
above the interface between the light-absorbing medium 32 
and the seed portion 34 of the light-transmitting medium 18. 
The elevation of the electrical conductors 44 reduces interac 
tion between the resulting electrical ?eld and the interface 
between the light-absorbing medium 32 and the seed portion 
34 of the light-transmitting medium 18. This reduced inter 
action may further reduce the level of dark current associated 
with the light sensor. 

FIG. 2C presents another constructions of the light sensor 
that can simplify the fabrication process. A ridge 22 of light 
absorbing medium 32 extends upward from a slab region of 
the light-absorbing medium 32. The slab region of the light 
absorbing medium 32 and the ridge 22 of the light-absorbing 
medium 32 are both positioned on a seed portion 34 of the 
light-transmitting medium 18. As a result, the seed portion 34 
of the light-transmitting medium 18 is between the light 
absorbing medium 32 and the base 20. The light-absorbing 
medium 32 can be grown on the seed portion of the light 
transmitting medium 18. 

The doped regions 40 of the light-absorbing medium 32 are 
positioned on the lateral sides of the ridge 22 of the light 
absorbing medium 32. The doped regions 40 extends from the 
ridge 22 into the slab region of the light-absorbing medium 
32. The transition of a doped region 40 from the ridge 22 of 
the light-absorbing medium 32 into the slab region of the 
light-absorbing medium 32 can be continuous and unbroken 
as is evident from FIG. 2C. 

Electrical conductors 44 are positioned on the slab region 
of the light-absorbing medium 32. In particular, the electrical 
conductors 44 each contact a portion of a doped region 40 that 
is in the slab region of the light-absorbing medium 32. 

The arrangement of FIG. 2C may have a simpli?ed fabri 
cation process relative to an arrangement such as illustrated in 
FIG. 2A. For instance, in FIG. 2A, doped regions 40 are 
formed in the light-transmitting medium 18 and also in the 
light-absorbing medium 32. Different conditions may be 
required to form these regions in the different materials. For 
instance, when the light-transmitting medium 18 is silicon 
and the light-absorbing medium 32 is germanium, it may be 
desirable to use different temperatures to form the doped 
regions 40 in the light-absorbing medium 32 than is used to 
form the doped regions 42 in the light-transmitting medium 
18. However, since the arrangement of FIG. 2C requires that 
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8 
the doped regions be formed only in the light-absorbing 
medium, the arrangement of FIG. 2C may be simpler to 
fabricate. 
The arrangement illustrated in FIG. 2C can also be associ 

ated with a reduction in dark current as a result of reducing 
interaction between the resulting electrical ?eld and the inter 
face between the light-absorbing medium 32 and the seed 
portion 34 of the light-transmitting medium 18. For instance, 
as can be seen from the arrows labeled P in 2C, at least a 

portion of the electrical ?eld formed between the electrical 
conductors can form on a path through one of the slab regions, 
through a portion of the light-absorbing medium under the 
ridge, and then through the slab region without entering the 
light-transmitting medium. Since the illustrated path does not 
include the light-transmitting medium, the dark current may 
be reduced. 

Although FIG. 2C illustrates each of the doped regions 
extending only part way into the light-absorbing medium 
included in the slab regions, one or more of the doped regions 
can extend through the light-absorbing medium. Accord 
ingly, one or more of the doped regions can contact the light 
transmitting medium 18. Further, one or more of the doped 
regions can extend through the light-absorbing medium and 
into the light-transmitting medium 18. 

Increasing the portion of the lateral side of the ridge that is 
contacted by the ?eld source can increase the ef?ciency of the 
light sensor. Accordingly, as is evident in FIG. 1A, FIG. 2A, 
and FIG. 2C, each of the ?eld sources can span the distance 
between the top of the lateral side contacted by the ?eld 
source and the bottom of the lateral side contacted by the ?eld 
source. In some instances, each of the ?eld sources extends 
from the top of the lateral side contacted by the ?eld source 
toward the base 20. Altemately, each of the ?eld sources can 
extend toward the base 20 from a location that is above 90% 
of a distance between the top of the lateral side contacted by 
the ?eld source and the bottom of the lateral side contacted by 
the ?eld source. Each of the ?eld sources can extend toward 
the base 20 from a location that is above 80% of a distance 
between the top of the lateral side contacted by the ?eld 
source and the bottom of the lateral side contacted by the ?eld 
source. In one example, each of the ?eld sources extends 
toward the base 20 from a location that is within 1.0 pm of a 
top of the lateral side contacted by that ?eld source. 
As noted above, the light sensor is suitable for use with 

waveguide dimensions that are suitable for use in communi 
cations applications. Accordingly, a suitable height for the 
waveguide 16 (labeled h in FIG. 1C) includes, but is not 
limited to, heights greater than 1 pm, 2 pm, and 3 pm. A 
suitable width for the waveguide 16 (labeled w in FIG. 1C) 
includes, but is not limited to, widths greater than 0.5 pm, 2 
pm, and 3 pm. Suitable waveguide dimension ratios (width of 
the waveguide 16: height of the waveguide 16) include, but 
are not limited to, ratios greater than 0.15:1, 0.5:1, and 1:1 
and/or less that 0.25:1, 1:1, and 2:1. 
The increased dimensions of the waveguide 16 are also 

associated with increased dimensions of the light-absorbing 
medium 32. For instance, a suitable height for the light 
absorbing medium 32 (labeled H in FIG. 1B) includes, but is 
not limited to, heights greater than 1 pm, 2 pm, and 3 pm. A 
suitable width for the light-absorbing medium 32 (labeled W 
in FIG. 1B) includes, but is not limited to, widths greater than 
0.5 pm, 1.5 pm, and 2 pm. Suitable light-absorbing medium 
32 dimension ratios (width of the waveguide 16: height of the 
waveguide 16) include, but are not limited to, ratios greater 
than 0.15:1, 0.5:1, and 0.75:1 and/or less than 0.25:1, 0.75:1, 
and 1:1. 












